scanning electron microscope (SEM; Hitachi, S-4000). Deposits on the rake and flank faces were analyzed with an electron probe microanalyzer (EPMA; Shimadzu, EP MA8705L) in the portion at a distance of 0.8mm from the tool edge as shown in Fig. 3 . A quantitative analysis and detailed determination of the chemical states of the deposits on the rake face were performed with an X-ray photoelec tron spectoroscopy system (XPS; Perkin Elmer, ESCA5600). 3. Results and discussion 3.1 Tool wear behavior The data for flank wear width (VB) are plotted in Fig. 4 as a function of the cutting length. In general, the tool life of carbide and high-speed steel tools can be approximated us ing Taylor's equation, which states that tool life deceases linearly with increasing cutting speed in a log-log scale plotting.10) However, the experimental results in Fig. 4 show that flank wear increased with decreasing cutting speed. A similar result was reported by Yamane et al.11 Figure 5 shows SEM photographs of the tool nose after machining (a) at 100m/min for 3.3km and (b) at 300 m/min for 3.3km. Although the rake and flank surfaces showed considerable wear at 100m/min, the flank face wore only a little and no wear was observed on the rake face at 300m/min. The crater depth at the cutting speeds of 200 and 300m/min was too small to measure with the surface roughness measuring device used in this study.
The experimental values of the cutting forces, chip thickness, and length of chip-tool contact are given in Table 2 . As the cutting force had considerable variations, the mean values were given in the table. The cutting forces and chip contact length on the rake face decreased with in creasing cutting speed. In general, adhesive, diffusion and abrasive wear mechanisms involve temperature-dependent reactions.
Thus, wear can be expected to increase con siderably with increasing cutting speed.11),12) In this respect, the experimental results contradict these wear mechanisms.
3.2 EPMA line analysis of rake and flank faces after cutting Figure 6 shows the experimental data of the EPMA line Fig.  7 and metal Si. Metal silicon was generated by argon ion sputter ing. It was inferred from the results in Table 3 and Fig. 8 that Si3N4 accounted for approximately 30% of all the silicon. It was concluded that most of the Al was present as Al2O3 from the difference in binding energies between Al 2p and O1s. The profile data of Al 2p were also broad because of the uniform charge up condition of Al2O3. The total amount of Al was about double that of Si. It is thought that C, Mn and S were present as graphite and MnS based on estimates of the difference in binding energies of these elements. Carbon, which was present in large quantities, might have been the coated deposits in EPMA, because the same sample was used as in the EPMA analysis before XPS analysis. Fig. 7 . XPS spectra of deposits on rake face of silicon nitride cut ting tools after turning 3.3km. Cutting speed was 300m/min. Tool surface deposits were analyzed after 292, 372 and 492min of Ar ion sputtering. It is interesting that a lot of alumina was observed on the rake face, though the cast iron contained less than 100ppm of Al. The cutting temperature was one of the most impor tant conditions for producing a uniform and solid oxide layer on the rake face of the silicon nitride tool, because much larger amounts of aluminum and oxygen were detected at a low cutting speed than at a high cutting speed. This was inferred from the experimental results reported by Yamane et al.1) concerning the cutting of cast iron in a nitrogen atmosphere. Yamane et al. reported that wear of Si3N4 tool in air was far smaller than that in nitrogen. The roll of oxygen is extremely important for making oxide layer on Si3N4 tool. The deposit of Al2O3 may be influenced by oxidation of surface of Si3N4 tool.
Most of the Al might have been present as alumina in the cast iron. According to EPMA line analysis data in Fig. 6 , the alumina layer is formed on the silicon oxide layer. Therefore, it can be deduced that a thin layer of silicon ox ide (SiO2, SiOx) may have contributed to the deposition of alumina on the silicon nitride tool during cutting.
The mechanism by which a lot of alumina was deposited uniformly on the rake face is not fully understood. Accor ding to the experimental result in cutting steel with carbide tool,15) it is deduced that alumina particles in gray cast iron are embedded into the silicon oxide layer mechanically. On the other hand, the effect of chemical reaction may not be very important, because the contact time between alumina and tool surface is extremely short for chemical reaction.
The silicon oxide layer may have resulted from oxidation of the silicon nitride tool surface. It is necessary to provide enough oxygen (air) to tool surface for the formation of the silicon oxide layer. Figure 10 shows the tangential force generated when cutting gray cast iron at V=300m/min. The tangential force fluctuated frequently, suggesting that vibration during turning was caused by the cutting of graphite flakes in the cast iron and/or the formation of crack-type chips. In any case, since the rake face would be frequently exposed to air during cutting, oxidation of a silicon nitride cutting tool might occur more easily with gray cast iron than with steel. The formation of silicon ox ide layer also depends on cutting temperature, therefore, flank wear might decrease with increasing cutting speed as shown in Fig. 3 . Fig. 9 . Schematic drawing of deposit composition on silicon nitride tool after cutting at 300m/min. The composition was from the XPS analysis data in Fig. 7 . Fig. 10 . Cutting force generated when turning gray cast iron with silicon nitride cutting tool. Cutting speed was 300m/min. 
